There are various biologically realistic ways around the cost-of-selection restriction on rapid multiple-gene substitution. Some of these ways depend upon particular forms of interaction or linkage in the genes undergoing substitution; other ways depend on particular conditions of population size and structure. The special genotypic and populational conditions required for rapid evolutionary change in genetically complex characters are not unusual in higher organisms.
the related but different problem of the segregational load. Brief reference to the latter is desirable before proceeding with our main theme, since some of the solutions proposed for the segregational load problem may be applicable to the substitutional load problem, and vice versa.
It is well known that high levels of polymorphism for enzyme loci, as disclosed by electrophoretic methods, occur in The question as to whether many polymorphic genes in natural populations are selectively neutral or not is currently under active discussion, with selectionists and neutralists lined up on opposite sides of the question. We ourselves happen to be in the selectionist camp, and follow Allard, Wills, Clark, Ayala, and other similar authors (14, 15, 17, 18, 21, 22), but do not propose to discuss this controversy further here. The related problem of the rate of amino-acid substitutions in protein evolution has also been discussed recently from opposite viewpoints by Kimura and Qhta (23) and Clarke (22, 24) , and is also controversial at present.
In view of the focus and emphasis in current discussions, it is worthwhile to note that the problem of occasional rapid evolution of complex adaptive characteristics remains with us no matter how the controversy over selective neutrality is resolved. Even if a large class of selectively neutral genes could be shown to exist in natural populations, we would still have to seek explanations for rapid evolutionary changes involving adaptively valuable genes.
Basic assumptions
Haldane's original model (1) contained a number of elements, which can be paraphrased as follows. In going from single-gene selection to selection for two or more genes Haldane made two further assumptions. The several genes undergoing selection are independent of one another (viii) in gene action and (ix) in inheritance.
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We have recently shown (25) that postulates (ii) and (iv) are not necessary in deterninistic models for obtaining the standard estimate of selection cost. Population size and selection intensity can fluctuate without affecting the calculated total cost.
It is obvious that deviations from the necessary conditions listedi above call occur in natural situations, with effects on selection cost.
Avoidance of cost
One way to solve the cost-of-selection problem is to alter the assumption (iii above) that the allele or alleles progressing toward fixatioin have a consistent positive selective value. Kimura (26) and others have in fact suggested that some genes undergoing replacement by stochastic processes may be selectively neutral. The relevance of this suggestion hinges on the premise that substantial numbers of selectively neutral genes exist in natural populations, a premnise which is far fromm being established. In any case, as we noted earlier, the proposed solution leaves untouched the central problem of the inode of fixationl of adaptively valuable gene systems in a relatively short tinme span.
Van Valen (27) has argued that the cost of gene substitution may be avoided or nullified in those situations where an increase in population fitness accompanies the substitution. The underlying assumption here is that during the substitution process the carriers of a new favorable allele are increasing in numbers, with one or more on the average replacing each individual of the inferior type that is lost. Therefore, the mrean population fitness is increasing during the rise in frequency of the slightly superior type. This results in a mild increase in. the size of the population thus evading a rigid interpretation of condition (ii).
Brues (28, 29) has developed this line of thought further. The substitutional load is viewed as an artifact arising from the chlange in the base level of population fitness from the old optimum, when the new favorable allele was not in the picture, to a new optimum when it is present. In other words, a substitutional load accompanies a rise in population fitness, whereas the absence of a substitutional load may go hand in hand with extinction.
The real issue here, as regards both the Van Valen and Brues models, is not that the substitution could be successful in such cases, considering the substitution cost, but rather is the length of time required for the process. Haldane's cost concept still imposes a limit on how fast the substitution can take place. One could assume that the population, during some time period in its history, has a high excess fecundity which is not counterbalanced by a similarly high accidental mortality rate, so that it is expanding. This is in effect altering conditions vi and vii. Then the population can tolerate an unusually high number of selective deaths during the expansion period. Haldane (1) touched briefly on a possibility similar to this. This problem requires further study.
Population structure and cost A colonial population system and a series of founder colonies seem to offer ways of escaping the cost-of-selection restriction that are not available in a large continuous population. These ways have been described in a previous paper (2) and will be mentioned only briefly here.
Although the overall cost of gene substitution is the same in a large continuous population and a subdivided population of the same total size, the accidental mortality rate will show colony-to-colony variation in the subdivided population; and the colonies with low accidental mortalities could tolerate the heavier burden of selective deaths that accompany rapid evolution.
Finally, consider a series of founder colonies derived from a large polymorphic ancestral population. A favorable ailele which is rare in the parental population is likely to be established by random factors at middle or high frequeincies in one or more of the daughter colonies. This nonselective process gets the colony over the critical stage when the frequency of the favored allele is low and the incremental cost of selection is greatest.
The main emphasis in cost-of-selection studies up to now has been on theoretical analysis of the substitution process. Various mechanisms for rapid substitution are now known in theory. However, there have been no empirical studies to date focused on cost of selection itself.
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